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60 -cycle AC from sunshine, 

Solar 

Stilling engine 


Sunlight in — electricity out: 
A 1 62-year-old process, 
updated, makes it happen 


By E. F. LINOSLEY 

Concentrated sunlight in^ 60-Hz 
electric power out. Thafs the 
promiiie of a new, highly efficient 


Stirling engine and one-fcW elec- 
trical generator now to be tested at 
t'alifomia*s Table Mountain, For 
the past few montha, a smaller. 10- 
W prototype has been running in 
the sunshine near NASA’s Jet Pro- 
pulsion Laboratory in Pasadena. 

The unit is only one of many 
soLar-electrie conversion schemes 
JPL is testing— pert of the Depart* 


ment of Energy's investigation of 
alternate energy sources. But this 
solar application of the Stirling 
engine may be the moat practical 
way yet of producing usable AC 
power directly from the sun. The 
developer. William Beale of Sun- 
power Inc. in Athena, Ohio, says 
his Stirling engine/ genera tor con^ 
Continued 



Solar heat tomechanicaf energy to electrical power 



Sufithlnt-powerwl anglne It « 

staled cvlindcf Filltd with pressurlitd 
hfliiuffi. Heliimi it working gas, ojcp^nd- 

liBiiuiiil nvilum'lv Wuf^iiy iiA|Hiiiu- 

ing and coniraciEng to drive pistons, and 
Is ihunted b«tw«on hot and cold space 
by displacer. It also la a bounce gas. re- 
ading spring-like to cushion piston re- 
varsala and push pialona back, VVhan 
displaced by the displacer piston, the 
gas moves from hot eKpanslon space 
through heater tubes, where it's warmed 
by concenireied solar energy. Moving 
further, tha gas passes throu^ regener- 
ator end stores some oi Its htat In 
closely spaced layers of foil. Nest the 
gas flows IP the finned coolii%g area, 
which chills it still further before it en. 
tera cold compressiun space- Thke fins in 


the cooling iacket are themselves cooled 
by circulating water which vaporizes, 
then is condensed In the coiled cooling- 
uiUVi IS CmiuiA'iif^ In me Cunea "i;duilri^- 
water lubes. Adiaphragm-typKe alr-induc- 
tion pump pulses with the op>glne. and 
induces alrhow past the water tubei and 
eltafnator. Alternator ia simply a stator 
coll arrd a permanent magnat around the 
power piston. As the piston shuttles bacit 
arid forth li rapeaiediy alterrutas the flux 
now through the stator coU to generate 
power. 

Key to tha system: the varying 
volumt of the working space above 
and below the diaplacer. When gas 
pressure In tht ccmprasilon space 
shoves the displacer down jl above), 
gas in hot^end expansion space ia forced 


through regenerator into cold compres- 
sioo space. Aa displacer continues mov- 
ing (2) bounce-gas pressure overcomes 

ing'|4| QiH;ini;iQ-g«[S pru^^uru vve^4;Oni4iB, 

cool work Ing -gas pressure and kicka 
power piston down, reducing working 
space and compressing gas. But the bot- 
tom of diiplacer is largar— and now hot- 
ter— Ifian its top. This causes a pressure 
diffarentiaf between the gases at each 
end. forcing the dleplacer back up fJ}. 
It shoves cold gas out and down through 
the regenerator end heater tubes, return- 
ing heat to the gas. Then the ges flows 
into the hot-end space (4| and pushes up 
both pistons. The gas pressure In the 
hot-end space then drops and gas in the 
compreseion space bounces the dis- 
placer bai^k completing the cycle. 
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Stirling engine/generator: An elogant modification of an old idea may be 


verts at least 23 percent of the lioJar 
energy it receives into electric 
power. 

The Stirling engine dates back to 
1816, when the Rev* Robert Stir- 
ling, a Scottish eJergyman, devel- 
oped an engine that could be pow- 
ered by any heat source. In a 
Stirling engine, heat is applied to 
the oulside of a sealed engine 
chamber. Inside, a presEuri;£ed gas 
shuttles back and forth between the 
healed st^ce and a cooling cham- 
ber. During this cycle, the gas 
expands and contracts to drive a 
set of pistons. 

Versatile frae-piston design 

In recent concern about 

exhaust emissions in conventional 
interna I -combustion engines has 
renewed interest in the Stirling 
engine IPS, Feb, "TSI. But unlike 
Stirling engines designed for autos* 
Beale's version is a free^piston 
design, l^he two pistons have no 
mechanical linkages— they simply 
slide back and forth, generating a 
reciprocal motion that can do a 
number of jobs. 

When I first reported on it fPS» 
Aug. *74 h the Beale Stirling engine 
was powering an air conditioner* 
{(leneral Electric’s Space Division 
Ls now working on this concept^ 
They're developing a heat pump 
powered by a gas-fited Stirling 
engine.) Like that earlier model* 
Beale's Stirling engine ^generator 
has only two moving parts- a dis^ 
placer pigton and a power piston. 
Both operate in an atmosphere of 
highly pressurized helium gas in- 
side a sealed housing. The power 
piston doubles as an armature: As 



belter than 23'p«rc»nt efticiaocy* tayt 
«v«n if doiria Ifdnunits only 05 
percent ef synKght lo paiabolfc inirrof. 
Thai reflects 85 percioi to engine* whicii 
cenvens 4& perciot of ebtorbed heat to 
mecbmicil energy. Engine 'e alternator 
converlf 85 percent 0( that to electricity* 


it shuttles back and forth, it acts as 
the moving element in the elec- 
trical generation process. 

The illustrations show how this 
free-piston Stirling works, f Al- 
though there's no ”up” or “down" in 
the engine, we've used these terms 
for ease of understanding.) If you 
have trouble understanding it, you 
are not alone. Both B^le arnl 
Anthony Giandemonico, projwt 
engineer at JPL, concede that it's 
difficult to explain. 

My own view may offend pur- 
iiits, but I visualize a Stirling as a 
steam engine with a built-in boiler. 
The working gas is heated at the hot 
end like steam in a boiler— and it 
expands like steam to do work. The 
displacer then moves the spent gas 
to the cold end where it is reduced 
in volume and pressure, much like 
steam in a condenser. 

S un I ig ht-e I act ri c ity con vo rs io n 

In Beale's solar-powered version 
of a Stirling engine, a reflector 
focuses the sun's raya on the 
engine* The sun'a enormous energy 
19 ihen concentrated into an in- 
tensely hot qiot and trapped in the 
absorl^r cavity of the sealed cylin- 
der. Then it heatK the high-pres- 
sure helium gas within* 

Inside, the power piston shuttles 
in an unfailing fiD-Hx rhythni, 
Elect rir^l leads bring the power 
out ready for transmission to the 
user. There are no intermediate 
processes using steam, chemicals, 
or complex electronic gear. Nor are 
there any drifting clouds of smoke 
or liard*tO"<dispose residual wastes. 

Simplicity is one advantage of a 
Stirling engine^ Another is fuel 
flexibility: Heat from the sun, a gas 
flarne* or even burning buffalo 
chipi; will drive it. Beale talkti of 
running his solar engine in deveh 
oping countries, using a simple 
wood fire when sunlight is inade- 
quate, Such power plants could 
suffice for modest, local needs. He 
also picture# larger, more sophisti* 
ented solar Stirling generator# 
massed and jwiralleled to deliver 
power in quantity— as pictured on 
out cover. 

Ideally^ these Stirling power 
plants would be built where the 
desert sky is a burning, blue bowl 
overhead. Marching across the de- 
sert would be ranib^ of gleaming, 
mirror- facedt parabolic refieetors. 
Slowly, almost imperceptibly* 
they'd turn to track the sun. A 
Stirling engine/ generator mounted 
at the focal point of each reflector 
would convert some 23 percent of 


that captured solar energy into 
electricity -maybe more, 

Beale stresses that his figures are 
very conservative, fliandemonico 
agree# that Beale's anticipated 23 
percent is probably valid. That 
estimate appears to be better than 
the pre^nt capabilities of photo- 
voltaic or other forms of solar 
oonvereion (perhaps 15 percent)* 
Why this unusual efficiency? 

• There are only two moving 
parts, with no rotating components 
or bearing#. 

• Ga# is the only lubricant. 

« Inertial forces are absorbed by 
the bounce gas. 

• TTiere is no governor or throt- 
tle. 

Energy conversion takes place 
like a well -executed double play— 
solar heat to mechanical energy to 
electrical power, all within the 
Healed capsule, Vou aren't convert* 
ing linear piston motion into rotat- 
ing shaft movement* as moat en- 
gines do. This eliminate^ connecting 
rods* bearings* shaft seals* and the 
windage effect of whirling parts. 
With no bearings, there is no nee<l 
for lubrication. Gas lubricates the 
working piston. 

Without valves that themselves 
require power to open and close, 
there are no pumping loase#. It's 
true that the displacer and piston 
must stop and reverse at the end of 
each stroke, but because of their 
redprocal motion* the inertial 
force is absorbed by the helium 
gas that bounce# the part back. 
TTiis is quite different from the 
wasteful way in which a connecting 
rod and crank slop piston move- 
ment by brute mechanical limiting. 

Steady cycling at any load 

In spite of the fact that it shut- 
tles rather than rotates, Beale's 
linear alternator produce# a typical 
sine wave. Just as in a conventional 
generator, current is produced in a 
coil of wire by intercepting a 
changing magnetic field. Beale uses 
a permanent magnet flux source, 
though a field coil and field current 
may ultimately be necessary for 
regulating cuirent and voltage* 
He's tried a number of configura- 
tions. The two basic ones are a 
cylindrical permanent magnet with 
a wire-wound armature shuttling 
inside, and a wound stator with a 
permanent magnet shuttling inside. 
There are some problems with 
both, but basically, whatever can 
be done with a rotating alternator 
can probably also be done with this 
linear type. 


7t PO^uLAfl scicacf 


the most efficient wav fo tap the sun's energy 



Brlghl C<ahrornia sunshltio rvns wnin- 
iaitjr« Stirling engknfl/genur^tQr (jibovt) 
jssnginGfirft chttck %qI&t paw- 

«r fc^r 111 la 1 0’W unit is coi>Cflntrat«d bir i 
Fresnol Iahs at ih« bafi^ of pyramid' 


col lector. At rigtit. the samn unit 
i& inverted ao hoai from a gat torch can 
be u^acl to p^ower it. Ai loar. Inventor Wil- 
liam Seal* adjufti roalaience load in the 
genaritorA output. 


Particularly amastng^ to old gen- 
erator hands at least, is the fact 
that Beale's Stirling linear alterna- 
tor holdn output frequejicry 

at no load, full load, and anywhere 
in between— without a governor or 
a throttle. This is a built-in func- 
tion of the carefully tailored 
masses, and the helium's bounce 
and spring characteristics. Even 
nnore remarkable, frequency ia not 
affected by changes in heat input. 

Power output, however, is affect- 
ed. 1 watched as this was demon- 
strated in Beale's lab. Because of a 
snowetomi, an associate brought in 
a small, lO^W model that had been 
running outside. Beale inverted llw 
engine and heated it with a pro- 
pane torch (see photo). After a 
brief heat-up ^riod, he started the 
engine. The dial showed 60 Hz, no 
load. Beale dropped resistance load 
into the output circuit, varied it, 
and cut it in and out, but the 
frequency stayed constant. Remov* 
ing the torch heat and letting the 
engine coast on residual heat 
brought a graduat reduction in out- 
put— but again the frequency re- 
matned unchanged until power 
stopped completely. Compare this 
to a diesel or other engine-driven 
alternator, which, to hold frequen- 
cy, needs a very precise and expen- 
sive governor making constant, mi- 
nute throttle adjustments. 

Accurate frequency control is es- 
pecially important when you're par* 
alleling one or more generators. 
To merge the outputa, the oncxim- 
ing unit must be tn phase and at 
the same frequency as the line oi 


other unit. At large generating sta* 
tions, electric sensors monitor the 
out-of-phase condition, and throw 
the switch only when the sine 
waves are in phase. Try to parallel 
with the sine waves out of step and 
dramatic electrical nasties happen. 

Economics of scale 

If Beale's solar Stirling genera- 
tors are ever to be used for big 
outputs, paralleling is probably es- 
sentia L- Although the engine is 
relatively inexpensive and easy to 
build, as you scale it up the reflec’ 
tor and tracking mount can reach 
impractical and costly sizes quite 
quickly. Thus, paralleled multiple 
units of economical size appear most 
attractive. An alternative might be 
conversion to Df ' for battery charge 
ing. This, toOt could prove practical 
when large utility battery storage 
facilities are developed. 

Beale would also Like to simplify 
the solar-collecting equipment. 
reflector his rig will share with 
other projects at JPL Kaa a itiaa- 
ftive structure and a necessarily 
husky tracking drive. "‘But the 
reflector doesn't have to be a big, 
heavy casting like a telescope mir- 
ror/* Beale says. He talks about 
using inflated plastic reftectora, or 
parabolic membranes made of Tef- 
lon and shaped like a concave 
bubble. "The beauty of it ie.” says 
Beale, ^^that the parabolic mem^^ 
brane is actually more accurate in 
its geometrical conflguration than 
these extremely expensive things." 
For now, however, until the mem- 
brane paraboloids become available, 



his engine will be tested on the 
heavier rig. 

1 asked Beale about ways he 
might improve his present one-kW 
test model. Wouldn't it stabilize 
output, for example, if the absorber 
head contained something to regu- 
late heat input? 

He agreed to some extent. "'Heat 
sinks? They could do some good, 
for example here in Ohio, wliere 
the sun i^ines intermittently. But 
many applications in really bright 
desert ureas wouldn’t need them." 

I asked Giandemonico at JPL 
about the size and output of the 
one-kW test unit To me that 
seemed very small. He agreed: 
"That's the next step, to build 
bigger engines/' But then he added 
a shocker. "We ran into ASME 
boiler-code restrictions. They're go- 
ing to require our engine to be 
bigger and heavier than Beale’s 
prototype. The whole thing quaU 
iflesasa pressure vessel.” 

JPL seems willing, however, to 
accept this. The attitude appeared 
to be that weight is not so impor- 
tant as getting a larger model on 
line to check for shortcomings. 

Though design modiflcatioriH 
may be needed on larger models, 
Beale's current engines run quietly, 
smoothly, and at fairly high speed. 
His combined engine) generator is 
truly elegant. Later, after JPL's 
tests this summer, we'll let you 
know how it shapes up as a future 
power source. And, when GE is 
ready to talk about the Stirling- 
powered heat pump, we'll update 
you on that, too. BH 
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